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Effect of Titanium and of Simultaneous Additions of Boron , 
Vanadium and Tlianium on the Crystallization of Steel ' " 

Nlemark, V. E., Feletakaya, I. B. and Entln, R. I. 
Stal, Moscow, v. 8, 1948 ■> pp^. 248-254. 


1* Studies, regretfully rather few, of the modification of steels by email additions of 
alloying elements indicate wide possibilities of influencing primary and secondary 
crystallization of a wide range of alloys (steels). • 

2* The work previously done (Refs. 1 and 2) permitted to bring to light the influence of 
boron and vanadium on crystallization and kinetics of isothermal heat treatments In 
steel; the most effective were small concentrations of boron (up to .0 &f>) and vanadium 
(lap to .2$). The next step in the work was the present investigation of the Influence 
of small additions of titanium and additions, simultaneously, of boron, vont^ium and 
titanium on the mode of primary crystallization of steel and on the kinetics the 
isothermal transformation in austenite. 


3. The addition of small amounts of titanium is used in industry primarily to reduce the 
dangers of overheating, to Improve deoxidation and de gasification of steel, to obtain 
a dense and fine primary structure of the ingots, and to some degree to improve mechani- 
cal properties. 
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Investigation of the effects of small additions of titanium on the properties of steels 
was done toy other Investigators . Insofar as the hardenability of the investigated 
s eels is concerned, the results were somewhat contradictory. This apparently can be 
ejplalned by the different effects, that titanium has when it is in solid solution or 
when it is present as carbide or nitride. 

Effect of Small Additions of Titanium on the 
Structure of cast steel 

mad - e in » 30 kg. capacity high frequency furnace. The raw materials con- 
, °*, low carbon steel containing .1* carbon, ,3856 manganese, . 03 # phosphorus, . 03 * 
sulfur, .x,d copper, . 06 # nickel, and cast iron containing approximately 4 % carton, 15% 
manganese and .06# silicon. The heats were deoxidized with ferro manganese and ferro alii, 
furnace^ b ® f0r0 tappins and for collets deoxidation .02 $ aluminum was added to So 

J® b0 with additions of titanium, at first the heat was made without 

any addltloaa ' then “9“® fQrro titanium was added to the furnace trying to get a' steel 
etc ^n^uoh 8 ^ 01 ^ titanium. Then the next ingot was cast with increased tit anium , 
e ^ c ’ J n a manner from one original heat were cast from 6 to 9 ingots with different 

srrs b “ si — *—• - s&stsssss* 

■ 22Stf£‘j2s&' 

1 3tccl ol low&r carbon content, l.o. 0.45-0.55$* silicon wraa about the same, manganese 
an° U di^ h ° mf 00 } tltanlum * aocording to chemical analysis, varied from .06 to as high 
ln6 °* 0 WOr ® f ? rsod between 1000-1100«c into a rod of about 10 m? m dla- 
^J‘ 0h *! roro ‘ t:i ^ on .annealed. The method of studying the austenitic grain- of primary 
(Ref £ ^j 1,aabd ‘ ;>n and 16,10 raothod of metallographlc analysis have 1 been described before 

Small additions of titanium, up to .03$, have little effect on the character of the 

SdiS ,-ChS fracture remains- largo grain size with a rather prouowced 

crystallisation very much like in ateel without any addition When the carmen 
tratlon of titanium is increased to . 036 *, the radial LSLSlSSs ofSeSaSe 

not much^amai !«*•** - o4 5j titanium they disappeared, hut the grain structure was 

of ewRtaiT^B+f* P iS °? 1 5!‘ whan tltanlura ' 10 Increased to . 1- .396 that thdtaidlal type 
rystalllsatlon is completely gone and the fracture shows a very fine grain. 

f f°u th ® above ln s 0t ® f °r metallographlc investigation and after 
^£ e J? r ? parRtl0n e6ohed "ith persulfate of ammonia. The etched-out microstructures 
were not in agreement with the observed fractures. s-cruc ce 

Next> metallographlc, sables were etched with the reagent of Oberhofer. sm al l concentra- 
f ti6andu *> W *° -°3*, 4a ve no influence on the dendritic siScturST w^ 
additions of .04$, titanium dendrites become quite thin and a different structure makes 

^ BRn5>les "f re u ® ed to study the austenitic grain size Of the primary crystalll- 

a B ^Perattoa of fex?rl te during cooling. Additions of titanium obviously have 

a significant influence on the size of the austenitic grains of primary crystallization 
2*.^°®? °* k I dlameter > containing . 10 * tltanlm, ins^ad S^ong^lwge Sa^o* 
extending from the periphery to the center (usually found in steels without tltLffi 
the grains appeared to be equlaxed and much s malle r Titanium; 

LIBRARY SUBJECT C: AREA CODES 



25X1 


C0NFXD 

lENTIAL/ 


25X1 


Approved For Release 2003/08/08 : CIA-RDP80-00809A000500270106-2 




Approved For Release 2003/08/08 : 0-00809A000500270iq»5?(1 





ENTI/- 1«/| 


25X1 


12 . 


13 . 


14. 


15 1 


0 . 6 . 


~ 3 “ 

^4.v he *. C ^ en ^ rati0n ° f titanium is increased, grains about the same size as in steel 
without titanium are found in the periphery of the casting. In the central part of 

a considerable separation of ferrite is noted which somewhat interferes 
with the determination of the grain "boundaries. 

With additions from .018 to . 04 $ titanium, the grain size is much smaller than in 
steel without titanium; increasing the titanium content to .08$, the grain size becomes 
even smaller. 

i 

The effect of additions of titanium on separation of ferrite during cooling is also 

D^ on ° unced • Even with . 01 $ titanium, the amount of ferrite ir. the casting is con- 
siderably increased in comparison with the steel without titanium. At the some ti me 
*v n f dditlon t0 the small grains of ferrite in steel with titanium, one aliso finds 
r nli^ r -i larfie 0X01X0 of ferrite • ■ Ab the concentration of titanium is increased) (.038 to 
. 046 ) large segregations of ferrite are visible throughout the whole field. With a 
titanium content of .087$, the amount of grains of ferrite is greatly increased and 
they axe equally distributed throughout the cross section. 

I ; 

^nfluen og of Small Additions of T itanium on Kinetics of the 
Isothermal Qfranot'oroatlon of Austenite ' 

out on outcctoid and medium carbon stools at tomporaturea 
at ^ » 5 0 and 620 C. In the first heat, series B, we had stools with concentrates 

n0 moro ^ an The second heat, series V (Russian "V") contained u® to 

.22$ Utomlum, and the third heat, aorlos 0, tho titanium contained was from .04 up^to 
'attlrr 4 4 inotloo of tho Isothermal transformation of uuotonite wore followed by mothodo 
■hf<-b" 8 n+ U ooAS 1 n hGr ? n ^ 0 ?^ nnd otudylnfi tho niiorostructuro. Tho samples wore haatod In salt . 

? a J? d v h fv d a *W*u» for throo minutes . Thou they wore rapidly trsne- 
a . d ‘°?u wero hold for dltfforont times, and quonohed In wator. Tho tlm> 

auatenftf" 1 f ad bath wao ohQJ, SQt depending upon tho rapidity of the •transformation 
a * a Slvon temperature, samples from difforent series were heat troated at 
fo ^ lot [ ed mlerootructure study and hardness determination in Roolcwoll C 
a 15 ? load * During holding in the lead bath, austenite changes, upon cooling 
w^ ter ’ martensite. In such a manner the microstructure and the changes in the 
^ d £® se of the steel indicate the rate of isothermal transformation of austenite. Study 
+f + th f cu rveeshowing the dependence of hardness of steel B upon concentrations of 
™™ 9t dif ^ enb teniperatureo of Isothermal deconipoeltlon (Fig. 6) show that titanium 
.in amounts of .OO3-.OO6 somewhat lowers the stability of austenite. As the -a tri um ' 
!nm!H ratl0 f*w? eS .02". 06$, the stability of austenite is considerably increased In 
llTZlt a+< 3 ^ e ° teel Mithout titanium. At all temperatures of transformation, 

ost noticeable effect takes place with .05 -.06$ titanium. The studies off the micro- 
structure fully support the results which were observed by measuring the hardness (Fig. 7 ). 

8 iS 8hovm the dependence of hardness of steel of Series V upon amounts of 
titanium . Additions of . 04 $ titanium results in Increased stability of steal te which 

f maKimum ln B-te el with .1$ titanium. However, further increase in addition 
01 titanium, up to .17- .22$, results ln a considerable lowering of the stability of 
austenite. Apparently in the above concentrations titanium combines partly with the 
Snd ? eStei 5 te the Srowth of secondary austenitic grains. Curves showing the 
•relation between hardness of steel or series G and amounts of titanium at different tem- 
peratures of Isothermal transformation (Fig. 9) permit the conclusion that in steels with 
c ° ntent actions of .07-. 1$ titanium result in a noticeable increase in 
stability of austenite. Increasing the titenium content to .l 6 -. 21 $ speeds! up de- 
composition of austenite. In order to study the influence of the temperature of reheat- 
ing for hardening on kinetics of Isothermal transformation of austenite in steels with 
addl ' tlons of titanium, measurements were made with the temperature of reheating 
> b ®0° r ? ^ ead bath ) • '• t 920 - 1020 °c, and with Isothermal transformation at 450 - 

oonoS *C. Se ' 1 “ ]L -" -tfter isotiiermal transformation at 450 °C and quenching from 

920 C, the maximum stability of austenite was observed in steel with . 095 $ titanium; 
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in steels with . 16 -. 21 # titan :!, mi ;i, c afl-.-n ifv t , r 

ever, with the hardening temper.-..; -, L " n " :;J -•’•inidorably lower. How- 

austefcite ati ARalogouo '^u h ' Arcl ' in “ o£ the" Stability'S" thermal. 

fSCt ' “ — 1 ** ** titanium m 

Apparently as the temperature of rmeiiohin/- i - ; n ,. r . 

go into solid solution. On the b4ir n-r r’ n ‘- 1 bXvwQr amounts or titanium 
.tee! in the form of ££“£ ^l^a^te. 

f adciLnc t0 between . 05 -.lr* 

stability of austenite. 1 pixmaij cryutallisation unci achieve creator 

ESS UlSi ^ 

oj £*sss£? 

»«t in fir" Lg, “ow St”™Maf T 1 ^" “* t “ th ” to*™ ■ 

influence of small additions, such u atore t Sf ’ "2** 08 th ° QtudleQ of the 

it was established that additions of boron ^v* ° f -. * oother,flal transformation of 
at dliferent temperatures. For -thin , boron > vanadium and titanium are different 

“«»• <* «i*iS i ?„™° ITJSf* »<> .tody 2? • 

crystallization, on the kinetics ofJotwZi^ titanium on the structure of primary 
ability. The steels for these series 3 transformation of austenite, and harden- 
as the above described steel with additlonn P nf were Made from the same raw materials 
any additions, some ferro boron wafted If. J tltaniura ‘ After the first heat without 
of the third heat, some ferro vanadium was &d,- 4° J- n S°t made, just before casting 

held the same. Finally, / UB t befo?eThe foSth hJ? 16 **“ «“»®ntration of boron was B 
taimlng boron and vanadium in the same omounto^an w^ titanium wao added, main- 

that simultaneous addltlono of boron nnri vnnn 1 j a0 ^ e ^ ore * The experimental results show 
of foffnme enm .fze o? “ “* ttoir zflzS 

of the mentioned elements udded oeparatelv f r /)- ° n 0U f? ef:fGct is compared with that 
°“ a Of . 06)1 v.— ££££* ”“ h 

- tit— =» tho propertieo 
ture and magnetic properties. 01 me&surlr ^ aardneos, study of the mlcroatruc- 

yiJSSTSS addition S £»£} ™ ”** ***** - then 

Pieure 13-A is shown the relation betue G ° hn 'S o pr0ved t0 be ineffective, xn 
isothermal decomposition of austenite wao diwoat^So&^T 4? nd V , arl0ue Qdd itions when 
are shown after the some treatment. Addition of St™ the ^netic studies 

rate oi decomposition at 4?o°C. After further b ° n 0 °nsiderably reduces the 

mode, quite opposite reoulto were unexpected^ °£ leo ° than - 05 ^ vanadium are 

eoniposltion has been Increased; finally, still furthlr d ' m??? 10 t0 ociy 1 the rate of de- 
considerabljr lowered the rate of transform^ on addition of .03515 titanium again 

done at 570 6 C its stability is gradually decomposition of austenite is 
13-B). Thus, it is observ4 °v d ft ’° m eteel ^-1 to st-jel J-4 (Fig. 

of boron (.003?5), of vanadima (.05-.o4') and^it^i^' m BteQl ° f a “ founts 

effective method to improve the stability on i*°3-.0+) has proved to be a very 

isothermal decomposition. bllity ° f auQten lte at different temperatures of 
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Additions of the above elements in certain combinations also materially increase the 
hordenabili ty of the steel (Pigs. 1 6 and 17). 


24. CONCLUSIONS : 


Additions to carbon steel of small amounts of titanium, about *03 -.04# and up to 
changes the structure of primary crystallization , of the steel, namely, elimina- 
tion of strung out crystallization and causes refinement of the austenitic grains 
of primary crystallization. Somewhat greeter additions of titanium, uo to .3* 
act in the same direction but with lees effectiveness. ~ 

(1) Additions of titanium within limits of .02-. 1# considerably improve the 
stability of austenite at various temperatures of decomposition. Qroater; 
amounts of titanium result in rapid lowering of the stability of the 
austenite . 

(2) Maximum hordenabillty of the steel is achieved by adding .09-.1# titanium. 

In the manner above described, very Email additions of titanium Improve tho 
structure of the cast ingot and improve hordenablllty of the carbon steels • 

Simultaneous additions to carbon steols of small amounts of boron (.003%), vanadium 
(•05**.06#) end titanium (.03-.Q^) result in improvement of tho structure resulting 
crystallisation of the ingot and in considerable improvement in the 
0 *4 1 lty 0f the aU0t5Onil50 in Its hordenablllty » The addition of the above 
mentioned combination of three elements increases approximately two times the 
hordenablllty that is observed with addition of .00354 boron, only. 


V COMMENTS AND EVALUATION 

1. A reasonably good paper for 1948 but not very comprehensive . 

a “ e £Cect of titanium additions up to 0.4# on a eutect old -carbon steel and up to 

0.55b on a medium-carbon steel was studied in respect to structure, grain size 
isothermal transformation and hordenablllty. Small additions of tLtanlum refined 
the structure and increased hordenabillty. Maximum effectiveness was found in 
the range up to about 0.1# T1 in the steel. 

b. Pour small ingot of a medium-carbon steel were studied to determine tho effect on 
structure, isothermal transformation and hordenablllty of small addition* of boron 
5® ron £ lue vanadium, and boron plus vanadium plus titanium. The combination 
of the three elements gave about twice the hordenablllty that was obtained with 
boron alone . 

“ btalned A vrlth flm11 -titanium Editions are more or less in line with Insti- 
gations elsehwere. As pointed out In the Introduction, the effect of titanium on 
nar&enahlllty varies considerably as a function of the amount of tit ani um in solid 

5?$ i h f air * oun A present as undlssolved particles (mainly carbides and nitrides). 
Neymark, Plletslraya and Entln have done nothing to evaluate the actual effect of titanium 
el , e “ le . nt fl i nce they have not determined the nitrogen content of the steels 

cu^ve^dn 0 ^ 1 ? W ? 1 ^ h th l£ ltanlu ? was present * Moreover, the end -quench hordenablllty 

do n °t include a tltanlum-free steel for comparison so there Is no way of calculat- 
ing the quantitative Increase In hardenablllty resulting from the titanium. The results, 
however, appear to be more similar to those of Crafts and Lamont than to those of other 
US Investigators and to Grossman’s proposed curves based on all these US results. 
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G. F. Comstock, S. F. Urban and M. 

Publishing Cor^/ (1949) 

W. Crafts and J. L. Lamont: Effect of Some Elements on FH-Tri^rnn-biiitv. 

TAIME 158 (1944) pp. 1577167; disc. l5B7l55T “ — lL 

M# A- Grosemann: Elements of Hordenability . ASM (1952) 

Boron additions in the US have been made either with £ erroboron or with one of the 
eonpiex alloys . In addition to boron, titanium in amounts from about 10 to 2095 is 
present in all the complex alloys except two (Borosil and Bortam), and these two are 

Rii^v!f neS «T>S Dnfl ^ d +? ed aS ?° re in a claas with f erroboron than with the other complex 
alloys. Two of the complex alloys also contain vanadium (Grained No. 1 and No. 6)* 
Electro-metallurgical Corp's Silvaz, which likewise contained tlta^ aTva^dlm 
boron P ^??? ly teen discontinued. The complex alloys have usually heeijuprof errod for 
^ d «? lon ® t ° lo w-earbon steels (under about 0.3# C) and for electrL -furnace* 
since the time! when the effectiveness of boron in increasing barden- 
waa discovered, there has been much discussion and many papers on the relative 
vwlous types of addition agents.! Perhaps this controversy can be 
flummod up ffomewnftt aa follows: i - J ' 

a ’ iii.+it 1 %fZ2 ar ' b0n B u eel Z’ BUch aa the one teated ln the present investigation, 

little difference has been found among the various types of non-vanadium contaln- 

a ? ontD ln 00mmer clal heats provided a satisfactory preliminary 
deoxidation treatment wae used. One of the many references that might be cltediss 

5L* f 2 ranse ' Vi.?* floena ' w * s< Holt and T. M. Garveys Effoct of Boron and 
fffiljjlf Slac. fub/xli n UP ° n th B proper,<::le - 0 of Steel . TASM'42 (1^0) pp" 

hn ynnwiium-contalnlng addition agonto ore used, the over-all Increase in horderi- 

ablllty lo groator because of tho contribution of the vanadium. 

° ' f ? Qt ? r in determining the off aotlvenoso of boron Is tho nltrogan 

content of the stool. When tho nitrogen exceeds tho small amount norm a lly found 
£*%? a ~ b :° et 2 £ a ! lB ' U oan n««tral±M tho boron. Digses^RolKt, fo? 

SJiB/i^i^\^ to ?SL lnterfored wlth tho ' boron hardenablllty of foot, or 
nullified it altogether, if the nitrogen oxaooded about 0.00795. The boron effect 

th0 of tltanluni (***«*« has a sSiar eff^t) to 

XitSi "^osen. Therefore, the rolo of titanium ln complex boron- 

addltlon agonto is usually considered ln tho US to be primarily a donltrosaniBin* 
agent (as well as a deoxidising agent if preliminary dooxidatlon was not oonplete). 



if. 


T. Q. Dlgges and F. M.; Reinhart: Influence of Boron on Somo Pronortlaa 

o"/j.j! mm ° rClSr ~ a ' tQala ' RP ld ^ T - b feHTof 

T. Q. Dlggos and F. M.| Reinhart: Influence of Nitrogen on the Hardonabillty 

and Notch Toughness of Boron-Treated Steels^ TA5 m 40 (1548) ppYlI2S71l46 . 


%hL ott ®^ ned Plletskaya and Entin for boron and vanadium appear reason- 

other hand, the observed effect of titanium is probably the result S-ita 
denitrogenlzing action rather than of its Influence as an alloying element. The fact 

al f?l 0Sen c ? at ® nt ® ln ema11 induction heats (as used by them) are generally significantly 
higher than would be found ln large open-hearth heats, would tend to support this idea. V 

2 h of e the e tr2n R w^n e err ° rS “f® tranBlGtlon - For example, paragraph number 9 on page 
O °nrrn h t tran olaJion corresponds to the paragraph s tax- ting at the bottom of the second & 
column on page 248 of the paper. The translation reads: 
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wer * vaken from the above Ingots for metaliographJ.o investigation 
and after proper preparation etched with persulfate of ammonia The etohnd 
out fflicroatructures were not in agreement with the oboerXd frLjturea! " hd 


translated this paragraph as follows: 


6 . 


"•'* S' 11 ™ 4 action., »U<ai WOTS 

“' rM * n “ w ™ to™ 1 *”* <*»•* 

S “* "“«*««««■ — ■»* in v«.. 

SSSr- “ sjssssL 
tsaatsi aSS 1 ! 0 T — isssstf - " 

EtSVtt' L*SSSt 1 SSS ?h ron fc S“ “ wu?y 

h® ihi e r:s?;j fssjsgsta^^ •*»«** *«■ *»■ 

of the titanium as dlecuamod^Ln n 0 2 * £ US 0r °l 6 ^enitroaenialng affect 

gaSwTJSLS syssj kbs? 
s«;?.L” ss.-ssjs ws^’sLshks. « 1 — 


25X1 




-End.- 


619.4 

619.61 


N 

N 


25X1 

confidential! 

25X1 


Approved For Release 2003/08/08 : CIA-RDP80-00809A000500270106-2 







,C. ... • ' • 


e i 


.i ■. . .. ' > • 


* 

... 



TMTSHa M COBM6CTH MX 

BaH.aflMfa h Twrana na KpncTaji. 


CTaJIM 


MaAbic do6a&KU tutoho i/Atjmuwor CTpyurypti ncp- 
oukhoi 2 KpucTOAAiuaquu ysAepooUCToH ctoau u no - 
fiikmwoT f/croAittttocrt> aycrenuTa u nppKaAtfpae* 
juocfb. Boedenuc KOM6uHupoeaHnux jucuibtx do6o- 
eoK 6opa, eanadun u TUTana dacr eiye pOAbtuuti . 
3(p4>cfcr. fjQAipteHHUc dciHHbic o6AcanafOT \ pai\uo- 
HOAbtwa nodOop Modu(tnii\itp!jtomiLX dy6aeoK . 


MO My, 06-bJicKneTCH pa3JiumiktM AeftcTBHeM THTana 11 
Toep^oM pacTBope *h cro Kap6iiA0B (hhtphaob). 


Hand, (fills.-. warn, uaytc B. E. HEfiMAPfo 
'ohmc. H . fi. nHJlEUKAfl a Hand. mexn. 


uaytc P. H. 3 HTHH 

(HHCTIlTyT MeTaJIJT0Cj)I13HKH UHH^mM) 


n piiMepu (k coKajienHio, HeMHoro*incjienHbie 1 ) 
MOAHc|)HUHpOBBliHH CnAanOB MBAbJMn Ao6aBKaMVt 
yKa3hiBaiOT ua uiHpoKHe bo 3 mo>khocth bo 3 A£&ctbhh 
3THM CnOCOfiOM H3 KpH£TaAAH3aiIH10 u IiepeKpHCTa/1- 
JiH3gumo cruiaBon- 

npoBeACHHue waMH pawce pa6oTbi (1, 2] abah bo:o 

, MOACHOCTb BbIHBHTb BAHHHHe A06aB0K 6opa H BaHU- 
* AHH Ha tfpHCTajUWaaUHIO H KHHCTHKy H30TepMH4eCK0- 
ro npeBpaiueHHfl CTaAH, ocofienHo 3(J)cJ)eKTHBHoe npH 
Majibix KOHueHTpauHHX (ao 0,06 % B h ao 0,2%. V). 

OieAyiomHM 3TanoM patfoTbi HBHAOCb Hacrofiiuee 
HccAeAOBaHHe bjthhhhh MaAbix AortaeoK THraHa h 
KOMiuieKCHbix Ao6aBOK 6opa, BaHaAnn h THTana h:j 
nepBHHHyiO KpHCTaAAH3aiIHIO CT3AH H KHHeTHKy * H30- 
TiepMH«jecKoro npeBpamemm aycTeHHTa. 

* BeeAeHHe M-aAbix Ao6aBOK THTana n p h mchbctch b 
npoMbniiJieHKOCTH b CoAbUiHHCTBe cAynaeB aah yMeHb- 
meHHH ckaochhocth cTajiH k neperpeBy, yjiyqmeHHH 
pacKHCJieHHH H Aera3aunn CTaan. nojiy*ieHHH paothoO 
H MeAKOft nepBHHHOft CTpyKTypbl H3AOMa H HeKOTOpO- • 
ro noBbimeHHa MexaHifqecKHX cboActb. 

HcCAeAOBaHHH BAHHHHH MaAbIX A06aBO{< THTBHa H I 
cBoficTBa CTaAH panee CbiAH npoBeAenbi PeBe6uoBbiM 
a HepKacoBbiiyt [3] n b nocAeAHee BpeMji MccbKHiibiM 
h KonnoM [4], a Tai OKe aa rpaHHuefl [5); b otho- 
U 16KHH npOKaAHBaeMOCTH CTaAH npn 3T0M 6bIAH no- 
AyneHU nporHBopeHHBbie ^pe3yAbTaTbi, ' mto, noBHAH-' 


i HanpHucp DO3Acfl0TB8e AoOaooK uaTpaH ua cTpyKTypy cii- 
, -KyMffpa* Manutfl ua crpyKTypy hbbko, 6opa ua npoueccu . Kpu- 
CT3JMfOaUHH B ttpOKBAHBacUOCTb CT07IU H A. 


B.thuhuc Majiux AoCaeoK THrana 
ua cTpyKTypy Amoii CTaAH 

CraAb BbinAaBAHAH B 30-Kr BblCOKOMaCTOTHOH no- 

**»; ninxra coctohah h:i noAoccmom >KCAe3a (0;1 % C; 
0,38^ Mn; 0,03^ P; 0,03% S; 0,1% Cu; 0,06% Ni: ’ 
cAeAbi xpoMa) h qyryHa, coAep>KaBiiiero npHMepHo 
4% C; 0,15% Mn h 0,06% Si- -riAa bkh pacKHCAHAH 
(JjeppoMapr^aHucM h ({je'ppocHAHUHeM; nepeA pa3AHB- 
KQflf B . HCHb A06agAHAH IIOAHOTO pacKHCACHHB 

0,02% ai: 

npH H3f OTOBACHHH CTaAeft C Aorta BKa Mil THT3HU 
imanaAe OTAHBaAii cahtok 6e:i AofiaBKH, aaTCM b nc<n. 
bboahah (JieppoTHTaH H3 pacueTa noAyHeinia ctoau 
c coAepjKanneM 0,01 % Ti, otahbbah cAeAyfomnfi cam- 

. TOK If T. A.; T3KHM ortpa30M H3 OAHOfl HA a BKH OTA H - 
BaAH 6—9 CAHTKOB C paaAH'iHofi KOimeilTpaUHCft THTa • 
Ha. npH 3T0M . npHTOTOBHAH ‘ ABe napTHH nAaBOK 
CTaAH — oAHy c coAepjKaHneM 0,45 — 0,55% C h APV •’ 
ryio — c 0,8 — 1 % C (t a6ji. I). 

CAHTKH, H3 KOTOpbIX OTpC3aAH o6pa3uu AAH lic- 
CAeAOBaHHH KHH6THKH H30TepMHMCCKOrO pACnaAJI 
aycTeHHTa, npoKOBfJBaAH npn 1000 — 1100° ao AHau. 
18 mm, a 3aTeM OTAcnraAH. 

Ot6op npo6 aah HccAeAouanHH aycTeiiHTHoro 3ep- 
ua nepBHHHOfi KpHCTBAAinaiinn h MeTOAHKa MeTaAAO* 
rpacfjHHecKoro aHaAHaa CTaAH omicanbi hsmh panee 121. 

MaAbie AortaBKH THTana (ao 0,03%) CAa6o baha- 
iot ua xapaKTep H3Aowa CAHTKa. H3 Aom ocTaeTcn 
KpynH03epHHCTbIM C HCHO BbfpaJKCHHOii AyMHCTOCTblO, 
KaK H B CTaAH 6e3 AOrtaBOK- npH nOBblllieilHH KOll- 
ueHTpa/AHH THTaua ao 0,038& Ay mhctoctb H3aoma 
yMeifbuiaeTCH npH 0,045% Ti Hcqe3aeT, ho CTpykv 
Typa ero hc H3MeAbHaeTcn; naKoiicu fipw noBbiujeumi 
cbAepjKaHHH THTana ao 0,1— 0,3% h npn iioahom ot- 

CyTCTBHI! AyqHCTOCTH H3AOM CTailOBHTCH MC.1K03ep- 
HHCTblM. . . 

.H3 3THX ortpa3UOB H3rOTOliAllAII LllA(l([)bl, KOTOpblP 
TpaBHAH tiepcyAb(()aTOM aMMomin; nbiaBACHHan Man- 


3 B patfoTc npiimiMa^a yiacmc Jl. H. Koran. 
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lUusuiuc Ti u CQOMecTHhix doOaaoK B. V u Ti 


hq upHCTaAJtiaamuo craAtt. 




puc rpyKrypa cooTueTCTuonajia xapaKTC-' e^; ;v ^ 
py H3JIOMOH. ' 

3aTCM tii;im|>w o6pa6oTa;m pcaimi-" 
aoM 0.6epro(f)(|)epa. Majitie , Koimempa* jx &A 
hhh THTaiia (ao 0,03 % ) hc OKa3binaiOT AS 

•ijjniminn na AciiApHTtiyio crpyKrypy *" * 

(puc. la); npi! AoGaiiKe 0 04% Ti na- ■’ tf®?v 
P M Ay c TOIIKHMH AOHApUTaMII IlOHUJUieT- 
e« moa K an rniTHifCTaa . CTpynrypa * 

16); npn coAcpwaHiiH 0.1% Ti • 

ubipiiiyruc ACHApHTbi. Hcqe3aiOT ii miT- ^ 

micran cTpyicry'pa 3aniiMaeT dcc ‘ cenenno 
tviHTKa ( puc, U). OmeqaTKH no. BayMa- w . 

ny c Tex >Ke .tcmimictob Bbrnmum TaKue !?i* Vvl-^ 

>KO H3MCHCHHH ACHApHTHOfi CTpyKTypid. 4 

06pa3iiu . CTajiii, HCCACAOBannue na 
MHKpocTpyKTypy, Mcn0Jib3OBajut aah a 

nay'iciimi aycTCHHTHpro 3cpna nepBHq- 
ho» Kpncrajrjin3amui h BbiACAemifi cjjep- 
pufa npn oxjia>KACHMH cjihtkb. 

J3,o6aHKH THTana OKa3binaioT 3namiTejibHoe BJimi- 
n»e na pa3M0pw aycTcrinTiioro 3epna uepniimion 
KpHCTaji.’niaaunH. B cjnirnax aiuim. 45 mm, coAcpwa- 

IUI(X 0, \% Ti, H MIT TO liblTHlIVTblX OT IlCpl!(})CpilM 

k uenrpy Kpynnhix :iepen (pnc. 2a), naO/no/iniouuixcn 
ti cTajin 6c*;i AoOanoK, mohb.thctch Goacc mc-jkoc 
paoHOOcnoe acpno (puc., 26). 

C ynejumciuiCM KoimejiTnaunn THTaiia ho nenndu> 
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‘•iNkA* 


Ptic. •!. BjuiHHitc in r ana u.i .icnApiiTnyio tTpyKTypy: 

<• Tii . il . rtr.i o - * Tl : o - c . 0,l*/i Ti. 


C yBivmqciiiiCM KoimejiTpaumi THTaiia na nepnc|)c 
|>UH (na paccTOHHHH~l5 MM OT ueirrpa) iiatfjiioAaioi - 
oh 3epHa npHMepHo TflKoro >kc pa3Mepa, KaK na puc.. 
2a. B ueHTpajibiioii 3one cjimthb o6njibHO BLmaAaoT 
(|)eppHT, ny a Jinpy iouiii ii rpamuibj aeperi. 

Hnor;ia <j>eppnT m.maAaeT no nee my* ccmciihio 
rjiHTKa, *ito hc :iacr lipaMOyKnocTif- MbJHninb rpaim- 
m>i aepcn^Aa/Kc na iicpii(|)cpuii. IIoyroMy aycTciuiTiioe 
icpno nepuiiMiioii kpjicTa.'ijiHaamni hccjicaobik'iii tbk 
>kc n ii npo6ux Aiia.M. 5 mm, Koropbit* oT^npaJin npn 
i lOMomn uhiictkh ho upcMH luiufiKii ’ ii nojtiscprajiii 
rpaAiiciiTiioii aaKa^Kc |2|. 



4HE 



Aycn-miTHoc :»cpno ttopuuqiioiV Kpucra.i^n- 
. :<aiunt ii cyniTKe: 

■ t.i.ir. in - 1 o- o 0,1* • TI. .*'!><» 


Oahbko it 5 -m.m npt)6ax crajin 603 AodauoK 3epno 
6biAo Mciiee KpymibiM, mcm b cJmTKax. Bcc >kc xa- 


XiiMH^ecKHii Cncuu licc.Tc j.<»HaHiiwx c la.icM c .tooaDKOM nuaiia, 


T a Ti . j 11 n a I 


> entirely MMJW *y 



*9 

0.49 

0,19 

!0 

0,44 

. 0,19 

11 

0.44 

0,20 

12 

*0.49 

0,22 

13 

0.47 

0,22 

14 

0,50 

0,11 

15 

0,51 

0,33 

16 

0,54 

0.39 

17 

0,54 

0,41 

18 

0,53 

0,39 

19 

0,55 

0,25 

20 . 

0,55 

0,29 

21,' 

0,55 

0,30 

22 / 

,0,52 

• 0,45 

23 

0,52 

0,39 
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£. HeuMapK. //. B. IhLieiyKa.n u P. H. Shtuh 


paKTep iBJiHHUHH Ao6asoK TiiTana na Bejiiimmy acpiia 
b npo6ax raKoii >Ke, Ran h b cjiHTKax’. ‘ 
npn BBeneHHH ot 0,018 0,04 % Ti (puc. 3 6 

h 3b) pa3Mep: 3epna 3HamiTe^bHo Meiibuie, MeM u 
CTa.m 6e;j ^o6aBOK (pud. 3a); c yatviuMCHHCM 
coAep>Kaiinn THTana (ao 0,08%) jcdho CTanonHTCH 


Bjjhjimuc J MaJiN)t Ao6anoK THTana na KimeTiiKy 
H30TepMH4ecKoro npeBpaiu«mifl aycTeunta 


[IpoBOAium Hccjiejioiiamic inroKTon;uio» (copini 
IS h B, Ta6.i l) if cpeAHcyr;K*po;incTuii (repmi Ij 
cta.iH npn TCMiiepaTypax 360, -180, 660 h (>20'. • 
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Codcp^anue T i , % 


I’m*. 1. . . .lyririumioi n 

.icpil.i iM-piticitioii Kpm:rj;i;ni iimidi 

II i;HlHniM(»OTll a)fn/u'p" < miin 111 

lima i» • Jimoii (iiL'o^p.ifioriimtiMii 
cr.i;m 
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t“un: Otjjiet* Mt-jiKiiM (pur, 3r n 1). 

Bjimuuit* /io6<ihok i iiraua na iibi- 

(|H‘ppma npn oxji;i/k;u'- . a 

mill tviHi'Ka oKaifwiiat^Toi jaK/M* 

;iomjjn»no oijimiijm. V/Kr npn ro* * 

;iep/Kamm ly crajiii 0,01 % Ti (piu/ * * ’ ’ 

‘66) kojuwcctbo (jieppura n cjihtkl* 

iiHa'iHTrjiMio , y bilti M inna 1 ‘tch no 

cpaiinrinno co criuihK) 6t*:i ;io6a- 

bqk ( pur. 6a); napjuiy c mcjikmmh 

aepnawif (|>eppiiTa n crajni c: ;io- *> r 

6aBKofi ncTpeuaioTCR y>Ko h Kpyn- J'V** 

i/we cto cKoniieiiMH (MHKpotJioro- . 

rpa((in^ nojiy*ioMbi hh paccTOHiimi g 4 4 ^ 

12 mm ot. nepn(()c‘pHH cjniTKa). . JkJi L : 

C yHrJIHHCHMCM KOMUCHTpa MM If 
THTana (0,038 — 0,046^) Kpynnwr 
cKon^emifl <{>cppiiTa iiatfjijojiaiOTCH no nccMy iiojikj 
mjiiupa (puc. 5u n 5r); npn co^epacanmi h<c 0,087 % 
Ti KOJ1II4CCTBO (jieppHTMblX 3CpO!f cliJIbHO 1103 paCTarT 
ii oiiH pacnpc;icviniOTCH no nuiii(|)y pninioMcpno 
(pnc. 6;0. • 



MM«em 


H/iitmuh* in i <i >i.i 


u.i iiuac.’it'intr t|u a [>pin;<: 


I-PHM i Jmii 


:imV.un>u <H.t 
uvi ni iH'im 


B ucpnoif iuibbko (ccpiin IS) iio.i'yiinjm na6op na- 
.'irii r KoimenTpamiHMn Tiirana, my npenbiniaioinMMii 
0,06%; no BTOpoii iijibbro (cepnw B) cojiepjRanik! 
THTana, ;ioxo;uuio /to 0,22% h b TpeTi»crt (c;epim I’) 
Ko.ic6a.ioci, ot 0.04 ;io 0 t 3rflJ. 
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BjiUHHue Ti u coomccthmx do6aeoK B , V ti Ti Ha KpiicTaAAu:iau,wo craMi 


KmieTHKy. H30Te|>Mtf»iecK(>ro npeBpameniiJi aycTeim- 
Til HCC/lCAOBaJIH MeTpAAMH l!3MCpeHHH TBCpAOCTH H 
M HKpoCTpyKTypHbl M . 

06paaubi narpeBa-'iH n cojhihoh namie ao 920 ‘ 
it BU^op>KHBajiH npH stoh TCMncpaType 3 Mipi.; 33 tcm 
jcx CwcTpo nepeuocHJiH b cejiHTpaiiyio hjih b cbhhuo- 
by jo nanny, BbiAcpHCHBajin pa3/iHWHoe opeMH h oxjia- 
>KAaJiH u BOfle. 

BpCMH Bbi/lCp>KUH jj HpOMOKyTOHHOH BaHilC MCHHJHl 
» 3anncn mocth ot cKopocTH npeBpamemiB aycTemiTa 
npn AaimoH TCMnepaTypc. 06pa3Ubi kh>kjiom cepmi 
o6pa6aTbina;in ofluonpeMeuHO, aaTCM LUjiii4)OBajin, 
ficcjiejipBajiii MHKpocTpyKTypy n oiipejxe.nH.nH mx 
T iicpAocTb na npn6ope PoKBCJiJia no uiKajic C np t n 
narpy 3Kc 150 nr. 

I iepacnanmiiHCfl irpn namioH nbiixcpwKc b npoMe- 
HyyTOMwoH uaiHic . aycTCHHT npcBpamaeTCfl npn nepe- 
iibcc H uojxy n MapTCHCHT; T3 Khm o6pa30M MHKpo- 
crpyKTypa ii imitMipitue tbcpaoctii CTa;m yKa3bi- 
naioT xojx ii:i(iTcpMii , iccKoro iipcnpamoiiiin aycTcilMTa. 

PilCCMorptMUie KpilBblX JilliaCHMOCTII TiiepaocTH 
* i'Tji . in I» or KoimciifpamiH TiiTana- npii . pa:t.nif«i!ibix 
** rrMijcparypax inorepMiinccKoro pacnajxa (puc. 0> 
MoKiiMWBaer, mto Tinraii n kojjhmoctbc 0,003— 0 f 006% 
HCCKojibKo noiiiDKaoT ycTOHunnocTb aycrcHHTa, a npii 
ioAep>Kamm 0,02— 0,06% aitaHHTCJibHo Vc/ ijonuuiaeT 
mo cpamicumo co ciajibio «6e:i jxotfanKn THTaiia. rimi 
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Phi’. 7. UJIHIUIIIC THTiHin Hit. »i;i«TCpMII'M?CKOC lipcnpaiUCIIHC aycTC- 

hht;i itpii 620° o tcichhc 15 cck.: • 

u , ui.il. f»»M .’imViimi:; o v Ti; u ‘ •• o,i»5V. TI; ' 

r • r ■ ii.u.V>'.« TI. I'JW 


■l" I: 

■S &5 T - 

CTk 


^7 5 fO 15.Z02S303&4046 6055 60 
Codep/kanue / numana , 10~^% • 


Pm-, li. 3;mnciiM0i’Ti. niepjiocTii 
n.pmi t> ot coacpiKniiiiM tht.-uu npu 
TeMncpaTypfiX if iipo^oJ»>«H- 
rr.'iMiot’TH n:JoTcpMH*fccKoro npenpaiUc- 


0 2 4 6 8 10 12 14 16 18 20 B2 
CodefukaHue mumana , lO 


L'in < 
:>oo°. io 


- iWy , no <ri{. 

- (V20O. 15 cm. 


Put*. 8. 3atiHCHM0CTb TDepAocTH ct.uih 
ccpini B or coAcpwaiiiiH riiTana npii paa- 
jiumuux rcMnepaTVoax n npoaoJUKirrejib- 
hocth naoTepMimecKoro npcDpameimn: 


m ( ex icm nepary pax iipeupamemiH ocobtMUio anaMHTC- 
.uch bfJ)i|)CKT Ao6aBKii O t OS- — 0,06% Ti- 
i MHKpocTpyiCTypHijro* ;iannbie. nojniocTbio iioATiiep- 
jkahiot pejyjibTiiTbi, noJiyqeiiHwe npii H3MepciiHH 

I BCpAOCTII (|>HC. 7). ’ 

Ha' pile. 8 noKaaaiia aamiciiMocTb TBcpjiocTii eja- 
Jicii cepHH B ot coiiepwamiH THTana; bbcaoiiho 
0,04 % Ti 3Aecb TaK>Ke npiiuoAHT K noBbimetiHio 
ycToipm hocth , jiycTCUHTa, KOTrtpaii cianoBiiTCH 


.• 170 °. no t-wc.’ fl — 4500 . 20 tr n - 
4 :>tK>. -io r — o ««’u- 


MaKCHMajibHoii u cTajiax c 0,1 % Ti. Oahbko Aajib- 
neiiuiec yiiejuPieuHe coAepKaima TiiTaHa ao 0,17— 
0,22% npiiBOAHT k AnaMHTCJibHOMy nomuKemno 
lycToiWiiBocTH aycTcmiTa; tioBHAHMoMy npn TaKHX 
KOHlieHTpamiHX THT3H CBH3bIBaeT HeKOTOpyiO HaCTb 
yiviepofla h 3aAepa<HBaeT .pocT BTOpnmioro aycTeHHT. 
iioro 3c^)iia. 
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B. E. HeitMapK. fi, B. fluAeutcaji u P. H. Shtuh 


KpHBhie 3aBHCHM0CTif. Taep^ocTH , cTaJiefi cepHn r 
ot coaepjKamm THTana npw paanH«iHbix TeMnepaTy- 
pax H3orepMimecKoi>6* npeBpampuHn (pnc. 9) AaioT 
ocHOBaHHe 3aKJiio*iHTb, hto h b cpeAHeyrjiepOAHCTbix 



liPilKSSRSa 


0 2 4 8 8 10 f2 f4f$ 1QS022 

CodefVkctMue prumoHH, % 

Pnc. y, 3aanci<MocT!. TuepAOCTit CTajin 
cepuii T or coAepw.nnin THTana ripii pa 3 - 
jihhiiux TCMiicpiaTypax h npoAOJi>KiiTejtb- 
hocti! HaoTcpMH'iecKoro npeopamemin: 

O— 3800, 12 <T|{.: fl — 4500, i r,,,;.; D — 5<iOo, 

r» r u «■«!. 

craJifix Ao6aBKa 0 f 07 — 0,1% Ti npMBOAHT k 33Mctho- 
My noBbimeiiHio ycToflHHaocTH aycTeHHTa; yBeAHnc- 
HHe coAepwamm THTana a° 0,16—0,21 ^ ' yci<o- 
pneT (pacnaa aycTeHHTa. 

Hah buhchchhh. bahhhhh TCMnepaTypu narpCBa 
nt>A aanaJiKy jia kh hcthky H30TepMjmecKoro npeapa* 
meHHfl aycTeHHTa n da/inc MajibiMn Ao6anKa\iH 
THrami npoBeiiH HccacAOBanHc c narpenoM iio;t 
3aKaJiny npn 920 — 1020° n c HaoTcpMiniecKOu Ubi- 
aep^KKoii upn 450 « 62(F (pnc. 10 h 11). 

nocAo luorepMHHecKOH BbiAepxcKH iii pn 450" n 
3aKaAKH c narpeBa npu 920° MaKcuMajibHaa 
ycToti'niBOCTb aycTeHHTa na6jiioAacTcn n ctajiii 


nocjie M30TepMHMecKofi nuAepwKn npu "620°; 'npu 
3 to.ni b ctajin c 0.16% Ti na&niOAaeTcii /ia>Ke neKOTO- 
poe noBbimcHne ycToiWHBocTtf aycieHirra. 

IToBHAHMOMy c noBbimeHHeM TeMnepaTypu narpe- 
sa noA 3 aKaJiKy bcg 6g^bmee koahmcctbo THTana 
nepexoAHT b TBepAhiii pa’cToop, Aaiwwx AaejT 

B 03 Mo>K 3 iocTb oOmcHUTb noBhnnenuc ycTofiqHBocTH 
aycTempra BJiHHHneM rofi wactu 40 6aBOK, KOTopan 

BXOAHT B TBepAblH p&CJBOp; HaCTb Ate AodaBKH, 
naxoAHiuaHCH b CTajin b bhac HepacTBOpHMwx coeAH. 
iieHHii, cnocoOcTByeT nonnX<eHHio ycTofiqHBocTH 
. aycTeHHTa. , 

Ha pHc. 12 npHBeAeHbi KpHabic npoKajiHBaeMocni 
CTajieft cepnn T (no £>komhhh); MaKcifMajibnvio 
npoKaAHBaeMOCTb hmcct cTajib T5 c 0,095%Ti- 

H3JIO»eHHbie AaHHbie AaiOT BO3Mo>KH0CTb npH3HaTb 
, Uejiecoo0pa3HbiM BBeAenne b cT a ;ib 0,05— 04% Ti 
c uejjbio yjiymxienHH cTpyKTyphi nepBiUHoft kphcta/i-. 
.JH3aunn n noBhiineHim ycToftnHnocin aycTemiTa. 

GoBMecmoe achctbhc Majibix AotfanoK Gopa, BanaAHu 
h THTana 

Majibie AofiaiiKH Oopa. nanaAHn n THTana .i> >no.ibiio 
nianifTCAbHO noBbiiiiaior npoKaanB a eMocTb cra.in no 


0 2 4 6 8 101214 

CodepjkaHue mu man a, W " 2 % 

Pnc. II B.unimie TCMriepaTVpu jurpeua noa 
»;iK;iaKy Ha ;iaininiMocTi> tuepAocTii ciami 

or rn;iep>Kaiimi THTana (ii30Tt>pMut|ccK.*i» »u-‘ 
AepJKKa iipii (>20o): 

ii i.tl.-.i.lKii «; UJIK*. iii]OTi*j|. * 

Mii*MtK<Hl |rp:i:i:ii :*<» 0-- r ,, y;«’, 10^» 

ii U * 


U 2 4 6 8 IQ 12 14 is 18 20 %2 

Codepkanue imimoHo,iO-* % 

Pac. laBjuumae TCunepaTypu uarpeDa noA aaKaA* 

«y »a aanncHMocTb ToepAocnr cm^n ot coaepJKa* 
min TUTaiia (naoTepunqecKan DbiAepWKa 5 cck. np» 

450°): , 

a — a;ii:n.TKU c (Kill 0 ; fl - to r ] 02 fVJ 

c 0,095% Ti; o cTaJinx c 0,16 n 0^21 Ti ycToAnu. 
Bocrb aycTemiTa 3HaqiiTejibno nn)Ke. OAHaKo npH 
HarpeBe aioa saKajiKy ao 1020° (6e3 M3M£HeiiiiH 

TeMnepaTypbi H30TepMH*iecKoft BbiAepn<KH) b CTa^m 
c 0,16% Ti naAeiiHe ycToflqHBOctu aycTeHHTa 
Ha^AioAaeTcn* AnaAornmibie pe3y.nbTaTbi noAynaioTcn 


Paccmofinue om jakarttHHOio /nopuci^ 

Pnc. 12. 3aBiicnMocTi. npOKn/timncMocTH 
ctbaii cepuu r ot co,aep«<n»uirt rnTJUa 

cpaBHenmo c Ao6aBKa.\m tcx >«e koahmcctu TaKiix 
aJieMeiiTOB, nan xpoM hah Mapraiieu. 

Ho a6cojiiOTHbifi 3(j)4)eKT sthX ACK5aB0K orpaiiHMii- 
uaeTcn hx secbMa Uaxofi onTHMajibtioft KOHueHrpami* 
ch (aah 6opa 0,003 % , aah. BanaAim 0,05— 0,06% » 
.A/m THTana 0,09—0,1%). BBeAeHUe b ctaAb Ao6aBOK, 
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BAunnUe Ti u coauecTHhix do6aaoK B, V u Ti m KpucTaAAU3at^uto ctcuiu 


npeubiuiaiomux onniMajibHbie, He TOAbKO He . npiiBOAHT 
K AaJibHefiaieNfy yAyniueimio CBoftcra (nanpHMep npo^ 
KajIHBaeMOCTH.) » HO MOJKeT 3aMeTHO HX yXyAUlHTb. 

O^HaKo npn' Hccjie^oBaHHH bahhhhh Majibix Ao6a- 
bok na KHHeTHKy H3orepMHMecKoro npeBpaiueHini 
aycTeHHTa 6buio ycTaHOBAeHO, hto AeficrBue AoCaBOK 
6 opa, BaHOAHH^sH THTaHa HeOAHIiaKOBO B pa 3 JIHHHL 1 K 
TeMnepaTypHbiX o6jiacmx. 

Meacay TeM npoKajiHBaeAiocrb cTaJin onpeAeAaeTCJi 
BHAOM H nOJIOJKeHHeM KpHBbIX BCefi S-o6pa3HOft Aiia- 
rpaMMbf, xoth Jipn onpeAeAemiux ycAOBiinx oxjia>k- 
AeHHH MO>KCT HMCTb OCHOBHOe 3Ha»ieHHe KHHCTHKa pac- 
naAa b Tofi hah hhoh reMnepaTypHofi oCAacm 
noaTOMy npeACTaBJinaocb uejiecoo6pa3Hbi M H3y- 

UHTb BAHS1HHO HOCACAOBaTeAbHO BBOAHMLJX B CTaAb 

Majibix A.o6aBOji 6opa.‘ BaHaAiin h THTaHa na CTpyn- 
rypy nepBiniHOH KpHCTajuiH3auHH, KimeTHKy H30Tep- 
MiiHecKoro npeBpameuKH aycTeHHTa ii JTpoiouiHBae- 
MOCTL. , 

OnbiTHbie CTaAH BbumaB.nH.iH (cepun X) 113 tji'i 
>K e UlHXTbi; HTO H CTaAb C Ao6aBKBMH THTaHa. floC-lL* 
otajiukh nepaoro cjuiTKa 6e:i AoGaBOK b CTaAb bbo- 
Ahjih (j)eppo6op h OTAHBa/iH nTopoii cahtok; nepcvi 
otahbkojI TpeTbero CAHTKa bboahah ^eppoBanaAini 
npn neH3MCHH0rt KOHuenTpamin* .6opa, a nepen or- 
AHBKoft HetBepToro bboahah <JicppoTHTAH npn nein- 
MeHHOM coAepmaHHH 6opa ,h saHaAHH (Ta6A.,2). 

Pe3yjibTaTM BKcnepHMeHTOB ^noKaaaAH, hto cob- 
MecTHoe (BBeAenne 6opa h BanaAHH He yciiJWBaeT 
3({)4)eKTa H3MeJIb4eHHH JiepBHHHOrt CTpyKTypbl (ll3AOM, 


hh3hao cKopocTb ipacnaka npH 450°; AonoAiiHTCAbHoe 
oKe BBeAeHHe<^0,056 ^ V Heo>KHAaHHo npHBejio k npo- 
THBOnOAOJKHOMy pe3yAbTaTy, nOBbICHB CKOpOCTb pac- 


T a 6 ;i h u n 2 

XiimhkcckuO cocran hccjicaobjiiiuux cra^cfi c ttoMn-nejtciiuwu 
AoCaoxaMH, % 


MlipKU- 

posKa C 

craiien 

SI 

Mn 

>Kl 0,46 

0,07 

0,36 

>K2 0,47 

0,07 

0.35 

>K3 0,44 

0,05 

3,33 

>K4 0.46 

0,06 

0,32 


no,vHn-[no ana- no cwn-lrro omo- no cum- no awn 
Tesy n« 3 y teay I jmay rcsy 


MaKpocTpyKiypa) no cpaBnenmo c . B03AeficTBncM 
KajKAO^i Ao6aBKH b OTAe.ibnocTii; ho BhiAeAeinie <j>ep- 
pHTa npH CObMCCTHOM BBCACHHH 0,06% V ii 0,003 % B 
OKa3biBaeTcn 6 oacc HHTeiicHBHbiM. 

B.iHHHue coBMecpHbix AoOasoK 6opa, sanaAim h 
T iirana Ha CBoAcTBa CTami ucc.ieAOBajHi MeroAaMii 
TBCpAOCTH. MHKpOCTpyKTypilUM II MarHHTOMeTpHHe- 
CKI1M. • 

KoHueHTpamui 6opa 0,003% h BanaAHH 0,05 — 
0,06% ^biAH B3HTbi b cooTBeTCTBim^e^p a i i ee n ofiy «ren-r- 
iibiMH pe3yabTaTaMH II]; npiiHATan b sthx ycAOBiinx 
aah OAHoii ni ijpeABapifTCAbHbix imaooK KonueiiTpa- 
Uhh THTaHa 0,1% OKa3aAacb He3(|)(})eKTHBHOii. 

Ha puc. 13, a npiiBeAena aaBiiciiMocTb tbcpaoctm 
cTaJin cepim >K ot coAepwamin Ao6aBOK Jipn Tewne- 
paTypo H30TepMH4eoKoro pacnaAa aycTemiTa 450° ti 
na puc. 14 MarwiiTOMeTpiiMecKiie KipiiBbie aah stoh jki- 
TCMinepaTypui *. BBeAenne 0,003% B 3naHHTeAbHo no- 


3 MnriniTOMeTpHMecKiie Hcc^CAOuamui npoueAenu Kaiu. toxu. 
inyK 0. fl- MnKCHMonoft. 


/;■ - • 



Puc. 13. 3aBiicuMOCTb TBepAOCTH crajin 
ot coAepmanim 6opa, Daiiajuin u * TUTana npn 
pa3^iiMiiux TeMneparypax ii npoAo.rmarre.nb- 
hocth nsorepMunecKoro npenpamennn: 

— 4MO, 13 ecu.; fl — 570°, 5 ecu,; d — 020°, 13 ecu. 


JiaAa; HaKoneu. bbcachhc .0,035% Ti cHOBa oiuibiio 
yweiibmano cKopocrb jipeBpamenHH. 

Zl.iHTeAbHOCTb noAypacnaAa aycTeHHTa npn 450" 

AAH CTHAH )Kl COCTaBAHeT AHUJb 5 ceK., AAfl CTBAH 
>K2 yjKe 16 Cex. .» aah cjaAeii >K3 h ^K 4 cootbct- 
CTBCHHO 9 11 23 ceK. ' . 

npn TCMnepaType pacnaAa aycTeHHTa 570° ero 
ycTofmiiBOCTb nocAeAOBaTeJibHO noBbiiuaeTCH ot cra- 
AH >KI K CT3AH }K4 (piiC. 13, 6). Ha pHC. 13,0 OipH- 
neAeHa anaAornHnafl" KpirnaH OLAfl TeMJiepaTypbi pac- 
naAa 620° h na pjic. 15 cooTBercTByiomHe MarniiTo- 
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10 IS 20 25 30 3S 40 45 SO 

Bpejujj, effk 


-IiMC, 14 . 3 nnuc»MocTi, cKopocm ; u 30 TepuBqecKoro pacnaAa 

aycTemiTa npn 450° or Majiux AdfiaaoK Oopa. naiiaAiur u rn-v 
Tana (cTaAii ccpim >K, MarmrroMeTpnwecKnft anami) 


. l: 


MerpimecKiie KpHouc. iXAHTeAbiiocTb noaiypacnaAn 
aycTeHHTa npu 620° COCTaBAHeT: 


npcMH pOAypacnaAa, cok. 


TaniiM o6pa30M nocAeAOBaTejibHoe BBeAemie b yr- 
AepoAHCTyio CTaAb MaAbix ^Ao6aBok 6opa (0,003%), 
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& E. HeuMapK, H. B. IJuAettKosi u P. H. 3 htuh 
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™ TaHa ‘fa® 0,3%) jjeftcTByior ’ 
* e nanpaBfleHHti, ho MeHee a^djeKTHBHo 
: ' aa6aBKH wrana a npeaejiax or 0,02 no t) 1 % 
OOBbuijaiOTycToflHHBocTb a^eHHxa 
n P H paajiHHHbix TeMnepaTypax pacnaaa; Cojiee a hi- 


10 20 80 4Q 60 60 70 80 
BpcMX.cek. , 

npii f> 20 ° n3ore P M ™'™r° fVna aycrcii..™ 

AofiaaoK (5opa. naiiMnn n Tumiia (cTanii cepim )K, 
ManniroMCrpnNccKiifl anarcua) » 




-** 5 5 /Z? f4, 

Pacc/77ziff/ajff omsaHwmHHotOnu^jiffi^ 

P«c. 16 . npoKa^HnaeMoqTb cTajiefl cepnn )K 
c Majniuii -aoCaoKawii ( 5 opa, oanaium u nmwa 

oaHa^HH ( 0 , 05 — 0 , 06 %) h Turaiia ( 0 , 03 — 0 04 %) oKa 

S BeCI>Ma cnocoSoM noBUiuetmii 

ycrofliHBOcTH aycTenura npn paaammux reMneparv-- 
pax H30TepMHqecKoro pacna^a. P y 

r[OBuS ,e ™^ Hpt>BaHHbIX ■ ao6aB 9K 3lla.IIITW.bHO 

II 17) M K ^ e npoicajiHBaeMocTb cTa.nn (puc. 16 
3aKjiio<ieHHe 

0 03L5> D O4 e 'n!f nm b MajuJ x icoa.|.,ccTB ruraiia (ot 
' a O.iW AO 0 , 1 %) iMCHjieT CTpyKTypy nennu'inoii 

KpiicTajuiHaaitHH crajia, np„,eM yctbaSLica "oa f c 
Kpiicra^MauHH n yMeHbiuaiOTCfl pasMepu aycrlm.r- 
•ioro aepHa nepBiiquofr KpHCTajuiH3aumi. P Eojiee 31 m- 


i IS M 

Phc. 17. 3aDiicim^Tb paccTOHHiin 
; or aaKajiemioro -ropua ao aonu c 

.^ P ^ CTbK> /?<===6 ° OT cpaepmn- 
*nin AoOanoK u crajinx cepim K (%) 

cokoc CQAepmaiiHe Turaiia npHBo/un k peaKOMy nan C 
hhio y ctoAhh bocth aycTenHTa. H y . 

HanGcvibiiiaa npoKajjHBaeMOcTb craJiii aocriiraeTcsr 
npn BBe A eHHH 0 , 09 — 0 , 1 % Tj. AocriiraeTcjr 

TawiM ooOpaaoM Majibie aoCaBKii Tinaiia yayiuia- 
T CTpyKTypy CJIHTKa H nOBblUiaiOT lipOKa.THHae.M OCTb 
yrjiepoAiicTux cTanefi. . ^ CTb 

2. BBefleHiie b yrjiepoAHCTyw CTajib coBMecTiibix.no- 

Tana (U.OJ— 0 , 04 %) npHBOAHT k yaymiiejimo ctdvk- 
Typu nepoioiHoj'l KpucTajuinaamii, cJi.iTKa j. 3 i,awu- 
TCflbHOMy noBbiuieHiiio ycTofimiBocTii aycTeii.iTa h npn- 
KaaiiBaeMOCTH. fiBeAe.me Taxort KOMtfiiimpoimmioii 
AoeaBKH npiiMcpi.o a 2 paaa cii.ibiice noBbmincr npo- 
KajiHBaeMocTb, wcm bb^achho 0 , 003 % B. 
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